of carbon per year. This flux is slightly less than half as ereat as the total exDort -of organic plus inorganic carbon from rivers to the sea (13) . is larger than recent . . .
estimates of total organic carbon burial in lake sediments [0.06 X 1015 g (14)], and is comparable to organic carbon burial in reservoirs [0.2 x 1015 g (14)]. Lakes have longer hydrologic residence times than do flowing waters, which may allow for both the degassing of CO, derived from soil respiration and possibly for increased respiration of organic materials derived from the catchment. Hydrobiologia 240, 23 (1992) , and references there~n. In all cases adjustments were made for temperature, altltude, and lonlc strength. Where complete chem~cal data were not available, we estimated lonlc strength from conduct~vity [J. N. Butler, Carbon Dioxide Equilibria a n d Their Applications (Lewis, Detro~t, 1992) In living hominoids (apes and humans), there are a number of anatomical features that are linked to apelike power grasping and others that are related to humanlike precision grasping ( 5 , 13). Apes have hands with, among many other characteristic traits, long, curved fingers with narrow fingertips (14), diminutive thumbs (15, 16), and elongate pisiform bones in the palm ( 1 7 ) . Humans and our more advanced hominid ancestors have relatively short, straight fingers with broad fingertips and relatively long, stout thumbs with broad, fleshy tips. Humans have pea-like, rounded pisiform bones in the palm. These and other changes are seen in the adaptive shift from a principally power grasping hand, such as that used by apes in the arboreal setting, to a largely precision grasping, humanlike hand that is adapted for enhanced precision grasping and tool behavior (18). Napier established the principle that precision grasp (the acme of which is seen in human hands that engage in tool behavior) could be identified in certain earlv hominid hands. H e recognized that the thumb m e t a c a r~a l contained critical information about the evolution of tool behavior, but he also noted that thumb bones were lacking in the fossil record 30 years ago (5). First metacarpals are well represented in the fossil record a t this time, and we can now examine thumb morphology in a comparative-functional analysis to address the question of which Plio-Pleistocene hominids engaged in tool behavior.
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I compared the pollical metacarpals of
Australopithecus afarensis, Paranthropus robustus, Homo erectus, and Homo sapiens neanderthalensis to those of 12 pygmy chimpanzees, 49 common chimpanzees, and 41 modem humans (1 9). A number of morphological and metrical differences in the pollical metacarpals of humans and apes can be related to an emphasis on either precision grasping or power grasping, respectively. Great apes have relatively shorter thumbs than do humans, with metacarpals that are reduced in relative length and diameter. In apes, the pollical metacarpal has a small base and a narrow distal articular surface, or head. When metacarpal head breadth is plotted against metacarpal length in pygmy chimpanzees, common chimpanzees, and humans, the relatively small head of the apes is apparent (Fig. 1A) . In the range where apes and humans overlap in length (area between the two hatched lines, Fig. l A ) , the head breadth proportions of the pollical metacarpal in apes are consistently less than in humans. Metacarpal head breadth in humans exceeds that of chimpanzees at each given length (for the ANCOVA slope test, P = 0.072, and for the intercept test, P = 0.000) (Fig. 1A) .
In addition to the size of the metacarpal head, a feature that distinguishes pollical metacarpals in humans from those of chimpanzees is the presence of a relatively narrow, parallelsided shaft in the apes (Fig. 2E) . Also, the pollical distal phalanx of apes has a reduced tuft (Fig. 3) (20) and, most notably, lacks a ventrobasal de~ression for the insertion of the flexor pollicis longus muscle, which is lacking in nonhuman ~rimates (2 1 ).
he' relatively small bones of the ape thumb are surmounted by concomitantly reduced soft tissues. Not only do great apes lack a flexor pollicis longus muscle, but they also normally lack both a deep head of the flexor pollicis brevis muscle and the first volar interosseous muscle of Henle (that is. the first palmar interosseous muscle) (Fig. 3). In both chimpanzee species, three developmentally ventral muscles cross the metacarpophalangeal joint in addition to a pollical tendon from the flexor digitorum ~rofundus muscle mass (22). Human ihumbs have three additional muscles that add strength as well as refined motor con--trol to thumb movements. In humans, six ventrally derived muscles cross the metacarpophalangeal joint (Fig. 3) . In humans, there is a separate flexor pollicis longus muscle, a first volar interosseous muscle (of Henle), and a deep head of flexor pollicis brevis (in addition to the adductor pollicis, the flexor pollicis brevis proper, and the abductor pollicis brevis). The presence of enhanced thumb musculature in humans, by the addition of these three muscles, increases the transarticular forces crossing the metacarpophalangeal joint. Expansion of the metacarpal head in humans (Figs. 1A and 2A) reduces stress in the pollical metacarpophalangeal joint that results from the increased forces from the added thumb musculature (23).
Applying the ratio of metacarpal head expansion to fossil hominid pollical metacarpals confirms the expectation that toolmakers have expanded metacarpal heads. erectus (SK 84), and H. s, neanderthalensis (Shanidar 4), plot near the human mean, outside the 95% fiducial limits of the ape population. A range is presented for SKX 5020 because the fossil has some slight postmortem bone loss on the distal end. The thin vertical bars are sample means, the black boxes are the 95% fiducial limits of the means, and the long bars are the 95% confidence limits of the population. brevis muscle, and a first volar interosseous muscle of Henle. Pygmy and common chimpanzees and
Surg. 38Bs '02 (Ig5').
14. R. L. Susman and N. Creel, Am. J. Phys. Anthropd.
other primates lack the latter two muscles and have only a tendon that mimics the FPL muscle and lacks generally lacking i n the metacarpophalangeal joints of chimpanzees, gorillas, and orangutans (26) . Evol. 15, 439 (1986) ]. Long noted that "dextrous manipulation of objects by the thumb and fingers, or precision handling, has relatively few variations" (above, p. 436). These variations involve the thumb and different combinations of the four fingers in two, three, four, or five jawed grips. All precision handling, however, involves the thumb. Marzke and Shackley expanded on the definitions of Napier and Long and described a further subset of precision handling that in some cases involves the thumb as a buttress rather than as a fully opposing structure. The precision grasping adaptations described here and that are correlated with early bone and stone tool use reflect the enhanced role of the thumb and its musculature as part of a multi-jawed chuck. The more primitive precision handling that does not depend on a well-developed thumb, and where the base of the thumb serves as a buttress, is often observed in chimpanzee tool behavior such as the hammering of hard nuts in the Tai Forest of Ivory Coast. Thus, the more general concept of precision grasping of Napier (73) 781 (1988) . 21. In apes there is a tendon from the common deep finger flexor mass [flexor digitorum profundus (FDP)] that mimics the tendon of the flexor pollicis longus in humans. This tendon does not represent a separate muscle to the thumb in apes. In lesser apes (gibbons and siamang) there is a muscle belly, but it is functionally coupled with the FDP. Our electromyography experiments on an adult female gibbon {Hylobates lar) did not elicit flexion of the thumb separate from flexion of the fingers, as is the case in humans. In a sample of 90 great apes (96% of orangutans, 72% of gorillas, 52% of chimpanzees), the flexor pollicis longus muscle was "rudimentary and functionless" [W. L. Straus, Q. Rev. Biol. 17, 228 (1942) ]. 22. Ape hands reveal a contrasting morphology to those of humans. In apes, the fingers (digits II to V) rather than the thumb (digit I) have an enhanced musculature. Apes have a variable series of contrahentes muscles, often to digits IV and V and sometimes to digit II. Humans and apes all have a contrahentes to the thumb, called the adductor pollicis (see Fig. 3 ). 23. Stress (S) = Force (F)/Area £4). In the present case, stress is increased by an increase in the transarticular compressive forces (F) due to the addition of three muscles crossing the metacarpophalangeal joint. The effect of increasing force is mitigated by expanding the area ^\) of the joint over which muscle forces are concentrated. Humans and other hominids that co-occur with stone and bone tools such as SKX 5020 (P. Evol. 16,665 (1987) ]. 25. The question of whether refined precision grasping is indeed related to tool behavior and not simply smallobject feeding is settled by the fact that TheropitherTematopoiesis is a regulated developmental cascade that generates at least eight distinct lineages that differentiate into the mature cell types of the blood (I). The process is initiated by a self-renewing, pluripotential stem cell that generates a hierarchical array of developmental intermediates consisting of multipotent and monopotent progenitor cells. Most mature blood cell types have short life-spans and little or no proliferative capacity-therefore, they are continuously regenerated. The transcription factor PUT is the product of the PUA-Spil-Sfpil proto-oncogene (2-4). The PUA gene is expressed specifically in hematopoietic tissues, particularly in the monocytic and B lymphoid lineages (2, 5, 6). Numerous presumptive PUT target genes have been identified in these lineages (7-11). Therefore, PUT has been suggested to control the differentiation of B lymphocytes and monocytes. Overexpression of PUT in erythroblasts is sufficient for their immortalization (12), Binding sites for PU. 1 are present in intron 2 of the mouse P-major (p M )-globin gene (5), in a region of altered chromatin structure in erythroid cells. Thus, PUT may also be required for the development of erythroid progenitors during hematopoiesis.
To genetically analyze the functions of PUT, we engineered mice carrying a mutant allele using gene targeting in embryonic stem cells. The structure of the PUA gene is depicted in Fig. 1 A. Exon 5 encodes the DNA binding domain (2). The targeting vector (pES-PUT) was designed to delete this coding segment and to replace it with the positive selectable marker PGKimeo (Fig. 1A) . To enrich for homologous recombination events, we used the negative selectable marker PGK::TK (13). The targeting construct was assembled with isogenic DNA segments (14). The neo gene was flanked by approximately 2 and 12 kb of PUT homologous sequence on its 5' and 3' ends, respectively (Fig. 1A) . Targeted CCET embryonic stem (ES) cell clones were used to generate mice heterozygous for the PUA mutation (15).
At 7 weeks of age, PUA heterozygotes were mated to generate PUA homozygous mutant progeny. Three-week-old pups were genotyped by Southern (DNA) blot analysis. Out of 31 progeny, 10 were wild type and 21 were heterozygotes. The absence of homozygous mutant progeny was highly significant (P > 99.9%) and indicated that PUA is an essential gene', disruption of which results in prenatal lethality. Embryos
Requirement of Transcription Factor PU.1 in the Development of Multiple Hematopoietic Lineages
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The transcription factor PU.1 is a hematopoietic-specific member of the ets family. Mice carrying a mutation in the PU.1 locus were generated by gene targeting. Homozygous mutant embryos died at a late gestational stage. Mutant embryos produced normal numbers of megakaryocytes and erythroid progenitors, but some showed an impairment of erythroblast maturation. An invariant consequence of the mutation was a multilineage defect in the generation of progenitors for B and T lymphocytes, monocytes, and granulocytes. Thus, the developmental programs of lymphoid and myeloid lineages require a common genetic function likely acting at the level of a multipotential progenitor.
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